One hundred patients presenting for surgical treatment of fractured neck of femur were allocated to receive either spinal (SAB) or general (GA) anaesthesia. Before operation, the mean Pao, was 9.04 kPa. There was a significant decrease in PSQ of 0.68 kPa in GA group at 1 h after operation, while blood-gas values were unchanged in SAB group. Eight patients (15.7%) in GA group and five patients (10.2%) in SAB group died within 4 weeks of surgery. The difference was not statistically significant.
Fracture of the femoral neck is associated with considerable morbidity and a mortality rate ranging from 8.7% to 23% (Allen and Metcalf, 1965; Aldrete, Davis and Hingson, 1967; Honkonen, Tarkkanen and Julkunen, 1971; Barnes et al., 1976; Gallannaugh, Martin and Millard, 1976; Martin, 1977) . In addition, it is well known that arterial oxygenation decreases with increasing age, probably as a result of increasing maldistribution of ventilation/ perfusion ratios (Gillies et al., 1977) . Moreover, it has been suggested that patients with a fractured neck of femur have Pao, values even smaller than would be predicted on the basis of age alone (Phillips and Tomlin, 1977) .
While it is known that several general anaesthetic techniques cause a small but significant further deterioration in arterial oxygenation after operation (Wishart, Williams and Smith, 1977) , spinal anaesthesia is thought to have little effect on arterial oxygen and carbon dioxide tensions (de Jong, 1965) and has been recommended for lower limb surgery in patients with impaired respiratory performance (Scott and Thorburn, 1975) . In this study we have compared the effects of spinal and general anaesthesia on postoperative arterial oxygenation and mortality in two groups of patients undergoing surgical correction of fractured neck of femur.
PATIENTS AND METHODS
One hundred unselected patients presenting for internal fixation of fractured neck of femur were allocated randomly to receive either general anaesthesia (GA group) or spinal anaesthesia (SAB group). Surgery was usually performed within 1-3 days of admission, although two patients, one in each group, were delayed by 14 and 19 days respectively. Many of the patients suffered from other conditions common to their age group, including cardiovascular and respiratory disease, and diabetes. Patients requiring a Thompson prosthesis were excluded from the study as the insertion of the prosthesis and cement may produce a decrease in arterial pressure and Po 2 (Modig et al., 1975) .
None of the patients received premedication. An i.v. infusion of crystalloid solution was given to each patient for 12-24 h before operation to minimize the dehydration which occurs commonly in this type of elderly patient. Surgery comprised the insertion of either a J.T.B. nail-plate, a Honey-Gapener nailplate or a K.Y. nail.
GA group
Fifty-one patients received general anaesthesia induced with Althesin 1.0-3.0 ml. Following the administration of suxamethoniurn 50 mg, the trachea was intubated with a cuffed tube. Anaesthesia was maintained with 66% nitrous oxide and 0.75-1.25% halothane in oxygen. The patients breathed spontaneously via a semi-closed breathing system, with carbon dioxide absorption, with a fresh gas flow of TABLE I. General details of patients studied {mean ± SEAT) "X 11 +r& min -1 " 3 litre min
SAB group
Forty-nine patients received 1.3-1.5 ml of hyperbaric cinchocaine 0.5% ("heavy nupercaine") injected slowly (without barbotage) into the subarachnoid space via a 22-gauge needle. The block was performed with the patient in the horizontal and lateral position and the fractured hip dependent. Discomfort caused by turning to this position was transient and minimized by gentle handling. After injection, the patient was turned to the supine position and remained horizontal. Nine patients received sedation with small doses of diazepam i.v. One patient received metoclopramide (Maxolon) for nausea.
In both groups arterial blood samples were withdrawn into heparinized plastic syringes from the radial artery of the supine patient before the induction of anaesthesia, 1 h after induction and 1 h after the end of anaesthesia. When oxygen therapy was given in the period after operation, this was discontinued (if considered safe to do so) and the patient breathed room air for at least 20 min before the arterial blood sample was withdrawn. Two patients in the GA group were considered too unwell to permit the discontinuation of oxygen therapy. These samples were analysed immediately for Pa Oj , P&co*> pH and base excess using a Radiometer ABL 1 automated blood-gas analyser.
Corrections were applied for the difference between the temperature of the electrodes and the patient's temperature.
RESULTS
There were no significant differences between the groups in respect of age, sex distribution, duration of surgery, blood loss at operation, volume of fluid infused or the interval between admission to hospital and time of surgery (table I). Both groups showed a similar decrease in temperature following surgery. In GA group, two patients required blood transfusion during operation. Blood transfusion was not required in SAB group. All patients received an infusion of crystalloid and seven patients in each group received, in addition, an infusion of plasma protein solution or plasma expander.
There was a significantly greater decrease in systolic arterial pressure in SAB group ( After surgery, Pa Ol was decreased significantly in GA group (tables III and IV). There was, however, no change in mean Pa^ in SAB group either during or after surgery. All blood-gas measurements in SAB group were made with the patient breathing room air. F\y t values in GA group during operation are not quoted as these patients received Fi^ 0.33. Regression analysis applied to the preoperative blood-gas data failed to reveal a significant correlation between age and Pao,.
P^co^ values were small in both groups (mean 4.35 kPa), but in GA group, mean P^Q OI and base deficit were significantly greater during operation. The decrease in pH and increase in base deficit in both groups, whilst statistically significant (table IV) , were not clinically noteworthy. Table V shows the cumulative mortality rates in each group over a 4-week period after surgery. Fewer died in SAB group, but the difference was not statistically significant (x 2 test with Yates' correction). The overall mortality was 13%.
One death in the 4th week in SAB group was unrelated to surgery, being a result of acute cholecystitis and ascending cholangitis, with septicaemia. Other causes of death in SAB group included congestive cardiac failure and pneumonia (1), pulmonary thromboembolism (1), bronchopneumonia (1), and a combination of carcinomatosis and cardiac failure (1). -gas measurements (Fig, = 0.209) Causes of death in GA group included bronchopneumonia (3) (one with pulmonary thromboembolism); two other patients died of pulmonary thromboembolism, one of myocardial infarction and one from complications of heart block; in one patient the cause of death was not determined.
DISCUSSION
The patients receiving spinal anaesthesia showed no change in arterial Po t or Pco 2 during and after operation. This is in agreement with the findings of de Jong (1965) , that the development of a spinal block had no effect on Pa^ and P^co, m patients undergoing various procedures. Respiratory function measurement has shown no deterioration under spinal anaesthesia in obese patients (Catenacci and Sampathachar, 1969) or those with chronic obstructive pulmonary disease (Paskin, Rodman and Smith, 1969) . However, patients in GA group showed a significant decrease in Pa 0 of about 0.68 kPa. Wishart, Williams and Smith (1977) found a decrease of a similar extent in patients receiving three different general anaesthetic techniques for fractured neck of femur (halothane in oxygen in a closed circuit; halothane, nitrous oxide and oxygen via a Magill circuit, and artificial ventilation with 66% nitrous oxide in oxygen with pancuronium for neuromuscular blockade). Since the completion of this study it has been noticed that serial measurements of POj in arterial blood samples from patients undergoing general anaesthesia with halothane have caused the calibration of the Radiometer ABL1 oxygen electrode to drift upwards. This has resulted in approximately a 10% overestimation of Pz^ after 1 h. This error occurred only after samples containing halothane had been analysed. This finding has been noted before (Severinghaus et al., 1971 ) and the findings from this hospital have been published (Douglas et al., 1978) . Under normal conditions, the Radiometer ABL 1 has been shown to be as accurate as conventional blood-gas apparatus (Selman and Tait, 1976) . Thus, the present study may have underestimated the decrease in Pa^ after halothane anaesthesia, perhaps of the order of 1.5 kPa at 1 h after the end of anaesthesia (Douglas et al., 1978) . This would accentuate further the difference in oxygenation after operation between the two groups.
Patients in this study had overall mean Pa Ol 9.04 kPa and P*c Ot 4.35 kPa before operation. These values are similar to those in comparable patients studied by Wishart, Williams and Smith (1977) , Phillips and Tomlin (1977) and McLaren, Stockwell and Reid (1978) . Martin (1977) found a smaller mean PaQj before operation in a similar group of patients. The question arises as to whether Pa Oj values are smaller than one might expect in this age group. Mean PaQ t of 50 uninjured supine elderly patients (ages 60-91, mean 73 yr) was found by Ward and colleagues (1966) to be 10.24 kPa and mean Pa COi was 4.52 kPa. If it is permissible to extrapolate published regression lines for age against Pa 0| beyond the age of 60 yr (Raine and Bishop, 1963; Conway, Payne and Tomlin, 1965; Marshall and Millar, 1965; Gillies et al., 1977) then the preoperative Pa Oa values in the present study would seem smaller than expected. However, extrapolation of regression lines is statistically unacceptable and that this would be misleading is supported by the poor correlation between age and .Paoi in the present study and that of Martin (1977) . The' fact that Pav alues return to values greater than those before operation once the patient has recovered and is mobilized (I. Gray, unpublished data) lends support to the hypothesis that the value of Pa^ before operation is reduced. The aetiology of this relative hypoxaemia cannot be determined in the present study. Clinically unsuspected hypoxaemia is seen commonly after fractures (Tachakra and Sevitt, 1975) and it has been postulated that this is a result of fat embolus (Ross, 1970) . Prolonged recumbency (10 days in bed) may cause an increase in the alveolararterial oxygen partial pressure differences in healthy young males (Cardus, 1967) . Both subclinical fat embolism and recumbency may be implicated in the present study.
There was a lower mortality in SAB group, although this was not statistically significant. McLaren, Stockwell and Reid (1978) studying a similar group of 55 patients with fractured neck of femur compared general anaesthesia (nitrous oxide, opiate, relaxant, IPPV technique) with unilateral spinal anaesthesia and sedation with Entonox and a continuous infusion of Althesin. They found a significantly smaller mortality in the spinal anaesthesia group. In GA group, nine patients died within 4 weeks-a mortality rate of 31%. One patient (3.8%) died in SAB group. Speculation on any improved mortality resulting from spinal anaesthesia would include a possible reduction in the frequency of pulmonary thromboembolism and prevention of further reduction in respiratory function after surgery. The overall mortality within 4 weeks of surgery in the present study was 13% which compares with mortality rates of 10.4% (Barnes et al., 1976) and 20% (Gallannaugh, Martin and Millard, 1976) in other large series.
Our patients were unselected before allocation to spinal or general anaesthesia. It is the policy in the authors' hospital to operate on all patients with fractured neck of femur on the first day after admission, unless they would not obviously benefit from the procedure or have gross cardiac failure or uncontrolled diabetes mellitus. Many of the patients in this study were operated upon on Monday morning, no surgery on fractured necks of femur being performed over the weekend. This accounts for the mean delay of 2 days between admission and surgery.
The need for sedation in the spinal anaesthesia group was small as the block was bilateral and of sufficient height to abolish the discomfort of lying on the orthopaedic operating table. Smaller quantities of analgesic drugs were required in SAB group after surgery as the spinal block persisted into the period after operation.
The safety and lack of sequelae of spinal anaesthesia have been established in large series (Dripps and Vandam, 1954; Noble and Murray, 1971) . Our study shows that the technique is at least as safe as general anaesthesia for the elderly patient with fractured neck of femur, and indeed may be beneficial. The subjective opinion of the orthopaedic ward staff certainly favoured the use of spinal anaesthesia as these patients were easier to nurse and were much less confused-a major problem with many patients in the general anaesthetic group. Despite the occasional technical difficulty and time taken to perform the block, spinal anaesthesia appears to be suitable and perhaps the preferred method for lower limb surgery in the elderly, injured patient. 
SUMARIO
Se seleccion6 a 100 pacientes que estaban por someterse a una operaci6n quirurgica del cuello del femur para
